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(54) AFC EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED:To attain stable automatic 
phase control in which effect of fading is suppressed. 
SOLUTION : An IF-OFDM (intermediate frequency- 
orthogonal frequency division multiplex modulation) 
signal and a local intermediate frequency signal 
outputted from an IF-LO (intermediate frequency local 
oscillator) 1 are multiplied by mixers 5, 6, and outputted 
via A/0 converters 9, 10, the resulting signals being 
output signals from orthogonal demodulation circuits 3,4 
are converted into a frequency region signal by an FFT 
device 11, the power spectrum level for each frequency 
band of the frequency region signal is calculated by a 
power spectrum calculation circuit 12. Then a frequency 
band component signal whose power spectrum level is a 
prescribed level or over is given to a feedback data 
selection circuit 13, where the signal is selectively 
outputted, a frequency control circuit 14 detects a mean 
phase difference of a phase error caused in each 
subcarrier of the IF-OFDM signal is detected from an 
output signal component of the feedback data selection circuit 13 and the frequency control 
signal based on the mean phase difference is given to the IF-L0 1, which controls the local 
intermediate frequency signal to decrease the phase error. 
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[HUB] 7*~^>y©l»*WEEU SSLfcgSt) 
IF-OFDMg^i, IF-LOU 

1 3 ©aj*«^js£#*> 6 1 f - o f d M{m<D&-y~7 * 
^taa«:a^< «««awaw#* if-loiw 




M # 




+ y r * ic£ *) b x tz 

r^U^U&tfJ^©^ io 
SUB'*? — X'** h;UU^;l/^^f^<DS*U^^tUi"C 

iM ^ 1- > * J: o r stf ^* + y r k£ c 

*> *c WBBS WKflBiROjaftKSIWfflir SiWiBjgiftSSWfSl 

i**»-r*cfc*i»«ir*AFciaL 20 

[0 0 0 1 ] 

qpsk mwmmm) 3n/coFDM (ffifcjg«« 
ttJiaja»ccaftsn^:iJBBOFDMfi-^*B:xan 30 

ifiTJ:5«: % WEJ»«P*IBIift©Haa**«iai'r*AFC 
tO 0 0 2 ] 

OFDM«*©*«T#5«"iiO, 

***** hsn^«HB««<D*#**aa!7--y^* 

& (Invers Fast Fourier Transform , felT I F FT4 40 
T3^6&4^H««O«#r*40F DMfI-*t£f#£fc 

[0003] ccdof DMfs-^«:fcc^r«, 

[0 004] *0T±IE<DOF DMfI#4WiB7-y J. 
(Fast Fourier Transform, KTFF F T tfftTS ) 
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[0 00 5] CCD<fc^^OFDM^r»fflU/cjlfi->X^ 

(Digital Audio Broadcasting felTD A B tfo~? Z> ) 

[0 006] DABKfcW&OF DM«. &1J-;7*+y 
7«QPSK (QtB&tB^tJI) 34rCl>6. 2 b i t(0 

[0 007 1 05 tt££3fc<D A F C«M©»BS»flE*7ftr 

[0 0 0 8 ] 05(Cfel^T, 1 «*ffl«088K6fiB (In 
tenmediate Frequency Local Oscillator % &TF I F - 
LO W^) , 2»8«S, 3«5+1f5*5j:c>'LP 
F7*m?Z>m&mffi®ffi. 4tt5*-y'6*5J:tfLPF 
8*WrSfiX«BSH88. 9te<fcCfl0ttA/D^H 

[ 0 0 0 9 ] O F DMSff <H2. SflSP, 0 5 tC^A 

sfsswcte^r, ^ft^n/cOF DMft-^^^fi 

U «fiL%:iiSAJHIttOOFDMfl#« I F-OFDM 
ff^ (43Hig^(DOFDMfi-^) CCXftU CCD IF- 
OFDM«#*WfM«LT. H5CC*TAFC««CC 

[0010] H50SX»H@BS3«:*5l»r I F-OF 
DMfi-^4 I F-LO 1 J:0A*3ti/c©BB4«Blift*5 
*-y-5CcJ:oT**U ^/ciS^SilIlHlK4Ccfci^r I 
F - O F D Mfi# 4 2 <fc 0 A* $ 

4LPF 7fc<fctf8K«fcr>TI****C<ktCJ:9, IF 
-OFDM«#*83fc«HU ^-^OKOOFDM 

fccfcO'Qft-^^ 

[0011] COIfi-^fiE^teiafQfi-^fiE^A/D 
^BQfcitf 1 0*CJ:-*T:A/D9aftU FFTSI 
1 1 ^^TFFTt^CitCj:^ QPSKf-^ 

[0012] L*l/MMo8? + >*JMC*$t>TS* * 

yrccftD*tt«s* <tt«»ft> b % fftssi i 
tcct ana ^ n/cQ p s k * t-t© ^ s ^ d 6 

[0 0 1 3] *CTJB»«IWI»HIB1 5tt, FFTgf 
1 l«Cj:->r«i3ftfc, ffifflKfttattftQPSKf 
-**6. SSW I F-OF DM^i^gB^H^CD 

IF - OF DM«#©±»««:tofc*ffi«»ft<D¥ 
[0 0 14] cn«:«feOFFTit{tl l(C«fcoT«P!3 

n/cQPSKf-a? » fwa^fatHS* 1 * * > * ;u 3 n 
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[00151N. ±U0mi&&fflWB1& 1 5 KfcOT 

p s Kf—zfr hi&tt&Mi&a l c ti^mL^m t 

[0016] 

^AFCISSKfc^Tfc):. fiaS4»(CHtt»i»f?tt7 * 

^6^83 n/cQ P S Kf 1 - £ *^ffl[ffi^O»aJCCffl 
l>r0*o^:*l^tctt, flfi©QPSKf s -^©ffitB»S 
5 # S^rSjtcttff L T U * 9 pJffitt** * o fc. 

7*-S»y**W*i, yT©®H*5<fc 

6aHSti/cQPSK^-^3^6*«>/ctlfflKaW. (ft 

[ooi8] ^aisttcoA^aseftoraH^a-r* 
IMWR*MP*fT9 c iWT* ^af CHg£ffi{frr & 
[0019] 

«>cc*»iboafc»b«, jH*wi«m#K:»-3< m 

[002 0] S fc*«?8©BI*31 2 f BIS© A FC^l 
u A y J: *M«SKM«<0*8I»W«:»^ 
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[0 02 1] fEoT*#HB<DA F CiSllCC^ntf. «* 
^gcc J: -9 ra»o* ^tV7 fcft^?*- * cc <fc 0 £ 

-x^* hJi/U^u^ffi^SKi^^rfilBS^Ii^cD 

6 iBSftfi-^oe^l * >*jwc <fc ■pW^ 

u s«»^JtB^acccfcorwiB¥^i{atH^tcs-^<ig 
aa»»«»fi#*»»*iH«»«#a«:^*.. mriafita^ 

&*«2l>8«« <fc 9 K||EJW*IB«©JBI*«**l»"r 
PSKf f -^*l^l/-Ctt>Paa«C0OFDMfi#d:S» 

20 tT5c£#r£& 0 

[0 02 2] * yfc*»W<DI»*3fi 2ifit8© A F CggCC 

ititf, ■»«tt7*^>y©IHi«:j:->t** 

jetT<tas«i***T. u-< y-5*flJtci^ffi^?Bffis 

tt©aW»*«C*-5^T, OTBW»U^**», CCD 
S« l/^c;l/«rfflC»r ft-^a!R*atC*J t^T QPSKf- 

/cQPSK^^«»W^C^t^^ 
[0 02 3] 

30 [MBO^Offttl KT«:«wr4**W<^JS©* 
■IS. 2 b i tOtt^itr : -Zt<cttlsX--r><DV-7* + 

AH) SftfcOFDM (tt^iS^fd^S^PI) Kte 

[0024] aS«flBCC*yl»r, fi3IUfcC*«F#{b^- * 
2b i t^-liU, COS2 b i t F-Z^tl^tl 
QPSK^-^CC^glU, CCDSQP SKf-^^fn 

40 «y hUcQPSKf-^*fe^ (C^QPSKf- 

[0 02 5 ] C(DQPSKf-^t^ h1|-9ai(l#0C 
»iQ(t#«»*6ftD, COIftffiS»<!:Q«f^ 

ffi»2Bi*r^a*»«, ±E©QPSKf->^?hfl 

[0 02 6 ] t^ty70*a*N#4r5t, fcii 

Ltc^nmtf-Z2 xNb i t^n«en2b i to 

50 [0 027] QPSKtCj;^OF DM^Cfcum CCD 
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2xNb i tonmt^-zz—teox&mTzw. 

C<D5£fI3£{i£ 1 is>#)l'tmL. £/t2Nbit£>ff 

Q (k) = A k + j B k 

<*:*><«, 

[0 02 9 ] CCtA k ^QPSKt-ZCD^MMt- 

[0030] 2bi t^-^D (k) <DQ P SKf - £ 
Q (k) ^©a»tt, mtf3CO<fc5«:bTff9. 
[003 1] 



* [0 02 8] ±fficr)S2b i tf*— **D (k) (k = 
1 % 2-N) */c2 b i t r-ZD (k) <DQP 

(k= 1 % 2-N) ( 1 ) 

[0 039] 3tt5**5*J<tCKLPF7«:WU, IF 
-OFDMt^i I F-LO 1 J:5A;fcS*ifcBSi+IH 
ift<!:*s*U-5K:J:oT»SU »6h/cft»(i#©iK 

10 K<DO F DMfiffi!) 1 ff-^J&fr (fiFlffl««fi 

D (k) = "00" ©i* Q(k)=l + j [0 040] 4tt5 *tf 6 fcitfLP F 8 **i U IF 

D(k) = " 0 1 " (D <*: # Q (k) = -1 + j -OFDM«#i»tB«2J:f5A*Sti3fc»8B+rBjfti 
D (k> = "1 0" ©£# Q (k) =- 1 - j Sr5*U-6«:<fcoTiR»U f#6ftfc*»fi#©i««iR 

D (k) = "1 1" ©<t£ Q (k) = 1- j «teS^«rLPF8CCJ:oriSftSr*C£«:J:0. 

FOOFDMi#©Qlffi!c» (H$H1)Mtft#) £ 

[0 04 1] ±B<D I Q«#JSR»ttitt3flOT« 

20 £lgfg&«, ^-XM>F©OFDMfl^ (B$pa^«fs 

[0 04 2] 9«it:^millHlK3<i:0A^^tl/cOFD 
Miff© I ilf «»*A/DSB»TS A/DS»S. 1 
0 ttiESfcHIHlsIK 4 <fc 9 A* 2 *i/cO F D Mff-^CDQfl 

[0043] 1 l«A/Dg!^S9ctOA^^n/cim 
*5j:VA/DSBft«l 0<fcOA*StifcQ«# 

30 K^-^coffiStap^-^^-fe^ h^n/cQPSKf-a? 
m#©ifli**» (His»«w«#) • **«fctf« 

hStl/cQPSK^-^-te* HI#<DQfI#/£# 

*«Bir4FFT«B-C**. 
[0044] 1 2liFFTSSl 1 <fcoT«PI3tl/c 
QPSKf-*-fe9 Htf«C^i*QPSKf-5r© 

[0 04 5 1 1 3^^$nt^^7-^^^h 

*9 4< o" ^sr^ifiS^-^il^lHlKr^^o 

[0 04 6] 1 4te»Mf r -#3i!R[Hl3&l 3KJ:oT» 
9?3*ifcQPSK^-*;fr*K I F - OF DMM-^i I 

f-lo i (,c£&m^r$ : &t<D^mmz&&is, 

50 c©¥ift{4SII*JT%rfi^/c^©««»Kli9«E«: I F 



ac(c*^**yr©JBWfc*f i (k=K 2-N> 
:r-*D (k) *»9ST*. 

[0 03 2] «bTJ!MkfWk:^r % Qi^fiS»© 

JS»«f k (DfigCCQPSKf'-^Q (k) ©HjRaPf 5 
-*A k *Hs*hU lAM&OMHRfi cd&BK 
. QPSKf-^Q (k) (D^tfeSfl7^*B k frtetr hO 
JSfcKWaOQPSKf 8 --*** Kf#«rffifiW 

So 

[0 03 3 ] *CC±BBOH«a»««OQP SKf-^t 

^ Mi-^o i ft^£#fc<fctfQft^#*^tt^ft I F 
ft («aoi7-v x«ak) -rsc<h«:j:o, ttfseii 
snfcN*©^^** yr^6&40FDMi^©i ft 

^^ctO'Qff-^^ (COO FDMg-^© I ft^fiS 

ft, c©I«*«»fcJ:OfQfll-*a»«:j:-»"CltaW* 
aSHEHU^. «aSJB«(DOFDMfl^*»4*>©"C* 

a. 

[0 03 4] CCOOF DMfB#fc:*5^T«\ S^^+i- 
PSKf-^^L/TC^, 

[0 03 5] S^CC±fBCDtfiiiiS®CDO F DMOTtS 

[0036] ofdmsamk** smaj. hik^ta 

»MHC*5tvt, ^ftStt/cOFDMff-SffcSfl 
L/» ««L/fca«Ja*OOFDM«#*I F-OFDM 

«# (tpmmwxDOFDMm^) cca»u ccdif- 

OFDMfi#**J»«»Ur, HlKSWAFCttBtC 
A^T£ e 

[003 7 1 ^1 «**?B<DA f caat©n»jKJB©* 

[ 0 0 3 8 ] H 1 CC*Jl»T* 1 «flttfflfflBEU/c»W+BI 
K*1H*T4 I F-LO ((pnttJMmAB) . 2« I 

f-louoaas nytaw^HiaotitB* -90° 
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[0 04 7] X&C<D<k5tj:ffi&Zm?2>*ft*B<DmM 

[0 04 8] iS3£ffilJ30ffi3K:tetvc. IF -OFDM 
m^t. I F-LO 1 ^OA*$tl/c^gP*ra^<b^S 

£tcm&'&fflMffi4lfCl6l,>X. I F - OF DMfmt „ 
-CfltftU »^hfc»»«#OW»iSa»JiJ£»*LPF8 
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* [0 049] ^C(C±E<DO F DMft-^CD I ft^&#£A 
/D^S9tCcfcor A/D^L. JbtSOO F DMfif 
^©Q«^K#£A/Dg!&gl OtCfc^TA/Dag* 

ur. ^n-enFFT^gi i«ca*u fftsu 

ft-jttfi-tev hStifcQPSK^-iUs? hff-^CD I ft 
9 s -*** Ml#<DQfI-sffiS# (jaaHRBWft-?) *« 



[0 05 0 ] iKOMBStlfcOPSKf*-**? hd 



(1 JW>Qfl»J*» <B*M««t^> £*#*o * 

q(fj=a k +jb k (k = 1 > 2-N) (2) 

[0 0 5 1 ] #C«cr*7-*-'<* h;Ht»@8Sl 2CC*5li =1. 2-N) Cr^cAtc J: oTitff-r*. 
±E©«H3n*:QPSKf s -*H2 9 MWC*S»3K [0 0 5 2] 

R (f k ) = (a„ ) 2 + <b k ) 1 (3) 



(k 



[0 0 5 3 ] S2Kl4c5l>T, 2 1 4e<££>'2 2 ttA^fe-Sf 

— *EI»2 1 KteQPSK 

0^2 2KteSffcSfff r ~*b k #A#3*i£o 
[0 054] 23 «ZimieIffi2 1 3jP6<DA*M^i— St 

[005 5] iC5*C, ^WJiO^ft^n/cOFDM 

d ( f k ) = H k e xp (- j 0 k 



Dl^ta/cQPSK^-^Q (f k ) trCbSZtiXO* 
[0 0 5 6] Stf :/* * 1/ TCO^tl (^»ffi) £H 

k (k=i, 2-n) % s^+^yTi^gp^ra^i 

OfttB^{i£0 k (k=l, 2-N) i^Si. ffliBS 
WcQPSKf-^q (f k > tt«T©<fc5fcS*S*l 

[0 0 5 7 ] 

)XQ(f k ) (4) 



±ibcd (4) swcb^r. jEg&mmmmH* = it 

^coffitt 7 * - is > ^ CC J: 4fi*12**^"T o 

[0 05 8] a/c±8ao <4) actctec^T, 0i =or 

**i tf I F - O F D M«#14IE L < tt£fSS3 3 ft S- 

c o o 5 9 ] a 3 »eas*«c««aBaijWtt^ y 

SrStf fcO F D MI#4 A F CRIiKiJCitffll lfc» 
^©QPSKf-^q (f k ) <D'*V~X'<9h)Vffli 

R (f k ) >Ro 
itt*^?-*^ h;H/^MWtl>QPSKf-^ 
«tRU/cQPSK^-*lC»:7^ "l" £ 
Hr, aiJRUa/Po/cQPSKf s -d?«:tt77^ "0" 
ZsLX&o 

[0 06 2 ] fflfRSft&^o/cQPSK-f-*, T&*> 
"0" -C^^QPSKf-^it 

'JTOSMjPS* ( (4) 3»c*»ttS&MH k < 1 ) , 



&m&<D*><oxhz> 0 

[0 0 6 0 ] H3«:*5l>T. 3 1(^9-^^^^ 

[0 06 1 1 11 CcR*K mM7-%mVtM$& \ 3te*5 

Ro ftfflC^T. CORo i (3) SMC<fcS^7-*'<* 
h;WR (f k ) £**tt**iJ*«U 



(5) 

[0 0 6 3 ] i»fc»!RS*ifcQP SKf-^, Tttto* 
iiJR7^y*s 1 t^SQPSKf-^^ (4tB^{4 

[0 064] ^(cAffiHEMWaK l 4 ^c*5C^r , jiiS^ 
-dfSSWHSSl StcJc^-CSlRSti/cQPSK^-^^ 
6, I F-OFDMffi#<h I F-LOnCcfcaaSBtffH 

•T4JaiS»«lffll«E* I F-LO KC5**CifcJ: 
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[0 06 5] l!4teJS&&iWMI]8§l 4©@gg«Jj£S-C ¥i$>{4fBM0 £f?HJ-r -5. 

[0 067 ] &? (4) SC?:MPi-r^<b > 

[o 0 6 6 ] m4K.m-fm^Bmwm^i 4«c*ju»t * 

q (f k ) = H, exp ("jfl, ) XQ(f k ) 
= H, (cosfl, - j s in6 t ) x (A, + jB, ) 
= H, (A, cosfl, +B„ s in9, ) 
+ jH, (B„ cosfl, -A, s infl, ) (6) 
(6) AtCfettSXftSt* (2) 5£©a, * 58 (6) 3£<C*stt*ftttfftS (2) 5S©b, -C$>£*>6. 

a, =H, (A, cosfl, +B, s infl, ) (7 ) 

b, =H, (B, cosfl, -A, sinfl, ) (8) 
^CC^fCTK-TP, (k=l. 2— N) ★ ★ 10068] 

P, =(a, ) ; - (b. ) ' (9) 
.LIS© (9) 5£Sr (7) 5£*sJ:tf (8) ^^ffl^TMHTir A* =± 1 . B, =+1 -C*>Z>frh. 

P, =2 (H, )' A, B, sin (25, ) (10) 
gfc^sStC^TQ, (k=k 2 -N) ♦ ♦ [0069] 

Q, =a, xb, (11) 
±12© (1 1 ) (7) 5£te<kt>* (8) 5££ffli»"rM* 

Q, =2 (H, )' A, B, cos (20, ) (12) 

&«c (l 0) sStc^fP, fcitf (l 2) sSKSVTQ, 20* [0 0 7 0] 

S, = P, XQ, 

= (H, )' sin (48, ) (13) 
Jfc(lO) ^{Cth-TP, fcj:^ (12) jSK^TQ, ★ [007 1 ] 

t, = (p, ) 1 +4 (Q, ) 1 

=4 (H, ) 4 (14) 
3«e (13) SSCC^TS, (14) jSKth-TT, A [0 0 7 2] 

V, =S, /T, 

= s in (49, )/4 (15) 
(1 5) SC«:te^-C > mi* (45, ) ^30' -C&S ♦fiSO^feOi-rii. ( 1 5) sSCCTjrf V»tt. 
<tU C©i#s in (4 0, ) = 4 9, ©jS0&a<H*^ 

V, = 0, (16) 
^c®tR7^y*5 " 1" tWQPSKf-^ q (h= 1. 2-N ' ) . MIRJviW " 1" T*S 

(f , ) ©fll&£N ' (N ' ^N) , miR-???** QPSKf-fq (f , ) ©<4f@^<40. £0 ' „ £ 

"1" t*SQPSKf-$q (f, ) (Cfc-SV, £V* U S/cV ' , ©¥Sltt«:V. 0 tfZl:. 

V=2 (V, ) /N ' 
= £ (0 '„ ) /N ' <17) 
±IE©V«jStR7^# ! "1" -CWQPSKf-^Q 4O*tBM0r&&. -ffc*)^. 
(f, ) ©(4ta^(40 '„ ©^fiTC 

V=0 (18) 
H4K*Jl»r. 4 1 (JA^m-^^rS-r^r^HllfS-e* #>>). QPSKf-$q (f. ) ©Pl&SP^-^a, fc 
0. FFTggl HtioTffifiSftfcQPSK-r-* J^^&SBt 1 - * b , tfA#34lT^a» xb, , -Tfc 
q ( f, ) ©H&gPf^a, 1fi*J]2tlX. (a,) to* < 1 1 ) ( 1 2 > SKwTQ* *ttWrT 

[0 07 3] 42 «A*«#*:1SW SrjWaHT* (007 51 4 4«-£sIe1SS4 1 *>P>©A;Wl3#J: <3 . 

<0. QPSKf-^q (f, ) ©^SP^-^b, #A -fm^A: 2tfth<DKt}^^^\<^M^-CS>'0 . 

#3*rC. (b, ) ' (a, ) 2 - (b, ) ' , f£tfci3 (9) 3S2fctt (1 

[0 0 7 4] 4 3«-o©A^(S-^ ; &^»T-&SmS-C 50 0) jSMcmTP* KttW**«E*Hi#-r4. 



n 

xq, s ?ut>% (i3> ^cc^*rs k £tti*rr & 0 

[0 07 7] 4 6 {*mW£ 4 3 frP><DX£>m^Z~§%. 

(Q k ) 1 £aj2rr£o 

[0 07 8 ] 4 7««^S4 4^6(DA^(t^— 
S-fHaBr*»). (P k ) 1 ^ffl^-r^o 
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